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2  Materials and Methods 
2.1  Data collection 
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2.2  Acoustic data processing 
B"A	8/5*(%-
*.*+	*'


	""
+	

!
"	
	
*	
				

	
":	"		

" +7
	")"	""	
(
/1? +7


?35#		"#	"	"			

+	"7)=	
D 

	
#


(*	"
(
	"#E	*,5*	
"				#
'	
	*,553*	
	*					
"	#	
	7
E	
.	*,550
	
	#(A;*
;
,2(			*,55,%

"	
"555
		
5
*%
"555((A;

	
	
			
 Sv=10log10(sv). (1) 
'	"
"
		
	
4+ *

 tlocal,i=tUTC,i+(loi/15)×3600+EoT(tUTC,i) (2) 
:	"(*//1	
		#"E *
,5?		
	
		

(
#	<	
;	
*,55 "

*	*
/

"	
3"	
"		
	<*,55/*	
	'
('	'
2.3  Environmental covariates 
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2.4  Statistical analyses 
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2.4.1  Cluster analysis 
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2.4.2  Statistical modelling 
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3  Results 
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3.1  Vertical structure 
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3.1.1  38 kHz data 
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3.1.2  18 kHz data 
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3.2  Environmental drivers of backscattering strength 
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3.2.1  38 kHz data 
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3.2.2  18 kHz data 
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4  Discussion 
4.1  Vertical structure 
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4.2  Backscatter and sea surface temperature 
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4.3  Ridge effect on backscattering strength 
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4.4  Diel variations in backscatter 
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4.5  Conclusions and outlook 
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Figure 1: Sampling locations, frequencies and sources of acoustic data used in this study. Colours
encode the project responsible for sampling. 3000m isobath traced from GEBCO (2010). DFN: RV Dr.
Fridtjof Nansen Cruise 2009-410; JCO: RRS James Cook Cruise 66/67; IMOS: Australian Integrated
Marine Observing System, Ships of Opportunity Bio-Acoustic sub-facility.
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Figure 2: The vertical structure of daytime pelagic scattering layers in different parts of the survey area.
Representative echograms are overlaid by vertical profiles illustrating the 2.5th, 50th and 97.5th percentile
of the backscatter data shown in each panel. (A, C) Mean volume-backscattering strength north of the
Subantarctic Front (SAF); (C,D) Mean volume-backscattering strength south of the SAF.
Figures
Figure 3: Maps of cluster allocations for the 38 kHz and 18 kHz datasets. Marginal histograms visualize
the latitudinal composition of each cluster. In all cases k = 2 was the optimal partition. A: Euclidean
distances partition the 38 kHz Sv profiles into a daytime and a nighttime cluster (cf. Fig. S3). B: Gower’s
distance metric partitions the data into two clusters, of which G1 is geographically discontinuous and can
be separated into two sub-clusters G1a and G1b. C: The partitioning of daytime 18 kHz Sv profiles based
on Gower’s metric splits the dataset into a northern and southern cluster. D: The partition of nighttime
Sv profiles largely corresponds to that of the daytime data. The green arrow highlights a transect section
near 42°S 48°E classified as belonging to the northern cluster N2.
Figure 4: Vertical Sv profiles (2.5
th, 50th and 97.5th percentile) for the clusters mapped in Figure 3. A:
Day/night split achieved by euclidean distances. B: Geographic split achieved by the Gower distance
metric. C: Geographic subclusters derived from G1. D: Geographic split achieved within the 18 kHz
daytime data. E: Geographic split achieved within the 18 kHz nighttime data. D: Subcluster derived
from N2.
GAMM of DSL backscattering strength at 38 kHz
Figure 5: Smooths of generalized additive model terms showing the effect of various continuous vari-
ables on DSL backscattering strength at 38 kHz. The solid lines are the estimates of the smooths, the
shaded areas are standard errors of the estimated smooths, taking into account the error in the model
intercept. Dashed vertical lines in panel A and B indicate the axial temperature ranges T0 of the sub-
antarctic (SAF) and subtropical fronts (STF), respectively (Belkin and Gordon, 1996). Subscripts S and
W , denote STF Summer and Winter T0 ranges, respectively.
GAMM of SSL backscattering strength at 38 kHz
Figure 6: Smooths of generalized additive model terms showing the effect of various continuous vari-
ables on SSL backscattering strength at 38 kHz. The solid lines are the estimates of the smooths, the
shaded areas are standard errors of the estimated smooths, taking into account the error in the model
intercept. Panels B and C show the same smooth term, but with different y-axis scales. Dashed vertical
lines in panel A and B indicate the axial temperature ranges T0 of the subantarctic (SAF) and subtropical
fronts (STF), respectively (Belkin and Gordon, 1996). Subscripts S and W , denote STF Summer and
Winter T0 ranges, respectively.
GAMM of DSL backscattering strength at 18 kHz
Figure 7: Smooths of generalized additive model terms showing the effect of various continuous vari-
ables on DSL backscattering strength at 18 kHz. The solid lines are the estimates of the smooths, the
shaded areas are standard errors of the estimated smooths, taking into account the error in the model
intercept. The y-axis of panel D is shifted relative to the remaining panels to accommodate the range of
the effect, but the scale is not altered. Dashed vertical lines in panel A and B indicate the axial tempera-
ture ranges T0 of the subantarctic (SAF) and subtropical fronts (STF), respectively (Belkin and Gordon,
1996).
GAMM of SSL backscattering strength at 18 kHz
Figure 8: Smooths of generalized additive model terms showing the effect of various continuous vari-
ables on SSL backscattering strength at 18 kHz. The solid lines are the estimates of the smooths, the
shaded areas are standard errors of the estimated smooths, taking into account the error in the model
intercept. Dashed vertical lines in panel A and B indicate the axial temperature ranges T0 of the sub-
antarctic (SAF) and subtropical fronts (STF), respectively (Belkin and Gordon, 1996).
